Streptococcus pneumoniae infection is a predominant cause of bacterial infection in HIV-infected individuals. However, reported rates of pneumococcal vaccination with 23-valent polysaccharide vaccine (PPV23) are variable. We evaluated uptake of PPV23 in patients diagnosed with HIV between 1996 and 2012 (n ¼ 507) in the United States Air Force, a centralized HIV program with free access to care including vaccines and medications. A total of 411 (81.1%) patients received at least 1 PPV23 dose. The PPV23 vaccination within 1 year of diagnosis was greater for those diagnosed between 2004 and 2012 (n ¼ 184, 86%) compared with 1996 to 2003 (n ¼ 104, 56.5%; P < .001). For those with 6 years of follow-up, receipt of a second recommended PPV23 dose was greater for those diagnosed between 1996 and 2003 (n ¼ 52, 57.8%) compared with 2004 to 2012 (n ¼ 9, 28.1%; P ¼ .004). Although first PPV23 vaccination was high in recent years, process improvement efforts are underway to overcome barriers and improve uptake of pneumococcal vaccines in our program.
Introduction
The administration of vaccines in order to prevent morbidity and mortality from vaccine-preventable illnesses is an important component of HIV primary care. Vaccines for Streptococcus pneumoniae (pneumococcus) are of considerable importance, since pneumococcus is a predominant cause of bacterial infection in individuals with HIV. 1 In the United States, the rate of invasive pneumococcal disease (IPD) in HIV-infected adults is estimated to be 173 of 100 000. 2 Without antiretroviral therapy (ART), the risk of IPD can be up to 300-fold higher. 3 However, ART does not completely mitigate risk, as rates of IPD are 42-fold greater in those on ART than in HIV-uninfected persons. 4 The 23-valent pneumococcal polysaccharide vaccine (PPV23) has been on the market in the United States since 1983 and offers clinical protection in up to 49% of adults with HIV infection. 1, 5 The current Centers for Disease Control and Prevention Advisory Committee on Immunization Practices (ACIP) guidelines recommend HIV-infected adults receive PPV23 as soon as possible after diagnosis. 6 Despite these recommendations, the rate of pneumococcal vaccination is variable in clinical settings, with reports ranging from 10% to 84%. [7] [8] [9] [10] The United States Air Force (USAF) utilizes a single-center model with free access to care and mandated visits for active duty personnel with HIV infection. Since this model mitigates or eliminates several barriers to HIV care, we hypothesized that PPV23 uptake would be relatively high in our center. We evaluated PPV23 uptake over a 17-year period, including first and second PPV23 doses for active duty members with long-term follow-up.
Materials and Methods
All active duty USAF members worldwide who are diagnosed with HIV infection have mandatory clinical evaluations at the HIV Medical Evaluation Unit at the San Antonio Military Medical Center (SAMMC) approximately every 6 months, with all travel and costs managed by the USAF. Clinical visits include HIV disease staging, laboratory evaluation, physical examination, immunizations, and HIV education. We conducted a retrospective review of clinical and vaccination data collected from electronic medical and laboratory records of active duty USAF members diagnosed with HIV infection between January 1, 1996, and December 31, 2012. Patients with one or more clinical program visits at SAMMC were included. Since this study aimed to evaluate vaccination practices in the USAF HIV program at SAMMC, patients who received PPV23 vaccination prior to the first SAMMC program visit were excluded (n ¼ 4). This retrospective study was approved by the SAMMC institutional review board.
The primary outcome of this study was the proportion of patients administered PPV23 during 3 periods of observation, including 2 periods for primary vaccination and an additional period to evaluate repeat PPV23 vaccination. To capture overall uptake early after diagnosis, patients vaccinated at or within 6 months of their initial visit were analyzed. For patients with longitudinal follow-up (1 year), those vaccinated within 1 year of their initial visit were evaluated. Centers for Disease Control and Prevention ACIP guidelines also recommend a second PPV23 dose administered 5 years after the first dose. 6 To study repeat vaccination, patients with 6 years of followup from their initial vaccination were evaluated for receipt of the second PPV23 dose. Patients who did not meet the criteria for longitudinal follow-up due to separation or retirement from military service were not available for second PPV23 analysis. Patients were divided into 2 groups according to calendar year of HIV diagnosis (1996-2003 versus 2004-2012) . Chi-square and Mann-Whitney Wilcoxon tests were used where appropriate. Statistical analyses were performed using SAS 9.4 (SAS Institute), and P values <.05 were considered statistically significant.
Results
A total of 507 patients were included, with 218 (43%) diagnosed with HIV during 1996 to 2003 and 289 (57%) during 2004 to 2012 ( Table 1 ). All patients, whether stationed in or outside the United States, received their initial evaluation a median of 37 (interquartile range [IQR], 25-50) days after HIV diagnosis. Patients were predominantly young enlisted males of European American or African American race/ethnicity in both the groups. The median viral load (log 10 copies/mL) at HIV diagnosis was significantly higher in the 2004 to 2012 group (4.42, IQR 3.90-4.94) compared with the 1996 to 2003 group (3.73, IQR 2.11-4.59; P < .001), but median CD4 count (cells/mm 3 ) at diagnosis did not differ between the groups (510 cells/mm 3 , IQR 376-658 versus 516 cells/mm 3 , IQR 372-660, respectively; P ¼ .89).
Overall, 411 (81.1%) of 507 patients received at least 1 dose of PPV23 during the study period ( Table 2) . A greater proportion of patients received at least 1 vaccination in the 2004 to 2012 group (86.5%) compared with the 1996 to 2003 group (73.8%; P ¼ .003). Among those who received PPV23, 305 (60.2%) patients were vaccinated at or within 6 months of their first clinic visit. A greater proportion of patients in the 2004 to 2012 group (75.1%) received PPV23 within 6 months after their first visit compared to the 1996 to 2003 group (40.4%; P < .001). There was no difference in PPV23 vaccination in patients with a CD4 count <200 cells/mm 3 at HIV diagnosis, with 5 (41.6%) of 12 and 5 (55.5%, P ¼ .54) of 9 patients Overall, 61 (50%) of 122 patients with 6 years of followup after first PPV23 vaccination received a second dose ( Table  2 ). The 1996 to 2003 group (41.3%) had a higher proportion of patients with 6 years of follow-up after first PPV23 vaccination than the 2004 to 2012 group (11.1%, P < .001); however, the majority of those in the latter group had insufficient followup time for evaluation since the study period ended in 2012. The second PPV23 vaccination proportion was higher in the 1996 to 2003 group compared with the 2004 to 2012 group (57.8% versus 28.1%; P ¼ .004). There was no difference in the median duration between first and second PPV23 vaccination for the 1996 to 2003 (68.1 months, IQR 60.1-77.2) and 2004 to 2012 groups (62.1 months, IQR 59.5-70.9; P ¼ .41).
Discussion
Despite notable decline in the incidence of IPD with the use of ART in HIV-infected patients, associated morbidity and mortality remain high in this population. 1, 4 Although there is no uniform agreement on the specific efficacy and durability of pneumococcal vaccination in HIV-infected patients, moderate clinical evidence supports its use in this at-risk population. 1, 11 Since PPV23 is well tolerated, inexpensive, and provides coverage against the most common IPD-related serotypes, pneumococcal vaccination continues to be recommended in HIV-infected patients. 2, 12 In accordance with these recommendations, we observed an overall vaccination uptake of 81% during the 17-year study period in the USAF population. However, vaccine uptake was greatest in recent years, with 87% of patients diagnosed between 2004 and 2012 receiving 1 or more PPV23 doses.
There is a wide range of pneumococcal vaccination rates for HIV-infected patients in the published literature. 7, 8 Previous studies with some of the highest reported vaccination rates were also associated with federally affiliated medical healthcare systems in the United States. For example, 1 study reported a 70% vaccination rate for 1411 patients enrolled in 4 states (Maryland, Illinois, New York, and Georgia) under the US Health Resources and Services Administration's Ryan White Title III system. 8 However, these vaccination rates may not be reflective of all Ryan White Title III system clinics, as patients were limited to those seen within the past 6 months and only from study sites with expressed interest in study participation. The Veterans Aging (VA) Cohort 5-Site Study, which aimed to evaluate the impact of PPV23 on the incidence of pneumonia, evaluated vaccination status for 1626 patients. Among this population, 69% of HIV-infected patients were categorized as vaccinated based on PPV23 vaccination within the prior 3 or 2 years after the study survey was administered. 13 However, only 82% of HIV-infected patients indicated using the VA system for outpatient care. In contrast to the populations in these studies, our USAF population received centralized care at a single center, allowing for complete data capture as well as long-term follow-up for those continuing on active military service. In addition, the unique nature of the centralized, military-funded, and military-operated USAF HIV program likely reduced previously proposed barriers to vaccination in HIV-infected adults, including access to care, loss to follow-up, financial barriers, insurance coverage, cost, and provider expertise. 14 The uptake of PPV23 approached 90% in the current era which is, to our knowledge, among the highest reported. Our results also demonstrate a relatively short latency to first PPV23 after initial visit, with a majority of patients receiving their initial dose within the first year. Analysis of the 2 subgroups based on calendar year of HIV diagnosis (1996-2003 versus 2004-2012) showed an improvement in the proportion of patients vaccinated within 6 and 12 months in the latter group. There are several potential explanations for this observation. The military transitioned to a global electronic medical record with vaccination documentation in the mid-2000s, which may have contributed to improved tracking and uptake of vaccines. Other unmeasured factors may include enhanced knowledge or application of recommendations by providers as well as clinic process improvement initiatives. Differences in overall PPV23 vaccination between the 2 subgroups were not attributable to the proportion of patients with low CD4 counts (<200 cells/mm 3 ) or high viral load (>100 000 copies/mL), 2 factors that had previously been suggested to limit vaccine efficacy and could theoretically cause providers to delay PPV23 administration. [15] [16] [17] This may reflect adherence to the notion that delaying vaccination until several months after ART initiation allows for immune reconstitution and viral suppression that may improve vaccine response. However, recent studies showed no significant improvement in laboratory markers of PPV23 response when immunization is delayed until after ART, and no correlation between viral load, postvaccination immunoglobulin G, and opsonophagocytic titers (OPT) was observed. 18, 19 This is in contrast to hepatitis B virus (HBV) vaccine, where responsiveness, as measured by antibody to HBV surface antigen, has been shown to be 2-fold greater with use of ART in HIVinfected patients. 20 Despite high vaccine uptake for the first PPV23 dose, only 50% of eligible patients received the second PPV23 vaccination. Although second vaccination was significantly lower in the 2004 to 2012 group (28%) compared to the 1996 to 2003 group (58%), there were only 9 evaluable cases in the latter group due to the study period ending in 2012. In contrast to other clinical practices, our single-center model of HIV care and worldwide electronic medical record system enables USAF providers to track vaccinations, despite patient relocations. Regardless, our data show that uptake of the second PPV23 dose is much lower than the first dose, and there are no published studies evaluating uptake of the second PPV23 dose in HIV-infected patients. A recent study highlighted the potential benefit of PPV23 revaccination by demonstrating a significant rise in OPT above previously used vaccine response threshold (8) in HIV-infected patients revaccinated with PPV23 after 5 years. 21 As a result, the USAF program is conducting quality improvement initiatives, including in-services to educate providers, nursing chart review, and display of immunization schedules in patient examination rooms. The future enhancement of our electronic medical record system capabilities to track immunizations and provide electronic notification to clinicians is likely to further improve vaccine uptake.
There are several limitations to this retrospective study. Specific clinical or patient-oriented reasons for nonvaccination were not identified for a limited number of patients who did not receive PPV23. The most recent ACIP guidelines recommend both PPV23 and 13-valent pneumococcal conjugate vaccine (PCV13) vaccination. 2 However, PCV13 was not evaluated, as recommendations were published in June 2012 and limited observations were available during the study period.
The USAF program has features that should otherwise be ideal for successful implementation of recommended vaccines, including free access to care and vaccines, a single-site program for HIV clinical evaluations, and a global electronic medical record system. However, there continue to be challenges to optimizing vaccine uptake, and opportunities for improvement remain for increasing adherence to ACIP guidelines, particularly for the second PPV23 dose. Since PCV13 is also recommended for those who received the first PPV23 dose, it is important to closely track the timing and administration of both pneumococcal vaccines in order to prevent delays in HIVinfected patients.
